• Drought and heat events are projected to increase in the future, making the ability to quantify how the terrestrial biosphere responds to such events increasingly important for predicting the fate of land carbon sinks and resulting atmospheric CO2 concentrations and climate.
New Science:
• Both drought events had maximum impact on soil moisture anomalies and terrestrial biosphere carbon fluxes in summer, but the NBP and GPP reduction over CONUS was much stronger in summer 2012 than in summer 2011.
• Over the drought-impacted regions, annual NBP decreased by 0.20 ± 0.10 GtC and 0.30 ± 0.16 GtC respectively in 2011 and 2012, equal to approximately 40% of the mean annual fossil fuel emission over these regions; about half of the NBP reduction was due to a decrease of GPP, and the other half was due to an increase in respiration.
• Due to the temporal or spatial compensating effects, the annual NBP anomaly was much smaller over the whole of CONUS than over the drought-impacted regions.
• The NBP reductions over the 2011 and 2012 CONUS drought-impacted regions were opposite to the global atmospheric CO2 growth rate anomaly, implying that global atmospheric CO2 growth rate is an offsetting effect between enhanced uptake and emission.
• The linear regression slopes representing the sensitivities of GPP anomalies to soil moisture and temperature are more than half of those for NBP anomalies, implying that GPP variability is the dominant driver of NBP variability over both regions in general.
• Soil moisture and temperature anomalies are good predictors of gross primary production (GPP) anomalies (R2 > 0.6) in summer but less so for net biosphere production (NBP) anomalies, reflecting different respiration responses.
• The sensitivities of GPP and NBP anomalies to temperature over S-CONUS were found to be about half of those over the N-CONUS, while the sensitivity of NBP to soil moisture was found to be about 30% higher over S-CONUS than over N-CONUS in summer.
• Because of these general linear relationships between carbon flux anomalies and climate state anomalies, plant growth and net carbon uptake were the lowest over S-and N-CONUS in 2011 and 2012, respectively, as a result of the driest and hottest climate conditions
Significance:
• The net carbon uptake reductions from the two droughts and the predicted increase in drought frequency over the southern Great Plains implies a positive carbon cycle feedback that may reduce the ability of the terrestrial biosphere to mitigate fossil fuel emissions in the future.
• The large magnitudes of natural biosphere carbon flux anomalies relative to regional fossil fuel emissions indicate that any mitigation policy to reduce regional contributions to atmospheric CO2 growth needs to consider the interannual variability and long-term trend of the natural carbon cycles.
• The results emphasize that quantifying regional fluxes is essential for understanding the relationships between climate forcing and carbon flux response as the global atmospheric CO2 growth rate reflects offsetting enhanced uptake and emission.
• The opposite directions between the global CO2 growth rate anomalies and the drought-induced carbon flux anomalies in two drought years imply a regional compensating effect of biosphere carbon flux anomalies and indicate that a single box model used to represent the relationships between CO2 growth rate anomalies and climate state anomalies may not be sufficient to represent a more complex regional forcing-response relationship.
• The consistency between the satellite and flux tower based observing strategies provides evidence that satellite XCO2 observations are sensitive to regional carbon responses from largescale climate variability, and argues for a synthesis of continental scale flux tower observations and atmospheric inversion results for quantifying and understanding dominant patterns of net carbon flux interannual variability.
